Two new species of heligmosomoid Trichostrongylina nematodes belonging to the genera Neoheligmonella Durette-Desset, 1970 and Heligmonina Baylis, 1928 are described. They are parasitic in the small intestine of three species of Mastomys from Senegal living in sympatry: M. natalensis (Smith, 1834), M. erythroleucus (Temminck, 1853) and M. huberti (Wroughton, 1909). Neoheligmonella granjoni n. sp. is closely related to three species from Senegal. They concern: N. bai Diouf & Durette-Desset, 2002 and N. dielmensis Diouf, Bâ & Durette-Desset, 1998 , both parasitic in Arvicanthis niloticus Geoffroy, 1903 and N. mastomysi Diouf et al., 1998, a parasite of M. erythroleucus. N. granjoni n. sp. differs from these species by having 15 cuticular ridges at mid-body versus 13, a large carene and spicules taking up 10-15 % of body length versus 5.3-7.1 %. Heligmonina kanei n. sp. differs from the most related species H. kotoensis Diouf, Daouda & Durette-Desset 2005, a parasite of M. natalensis from Benin in the following features: spicules taking up 11.6 % of body length on average versus 16.8 %; a female tail three times longer than the distance anus-vulva versus a tail of equivalent size to this distance. In N. granjoni n. sp., where the material is abundant in all three hosts, the infra-specific variations observed (morphological or morphometrical) were not related to the host species. This is the first report of the genera Neoheligmonella and Heligmonina in M. huberti. The relevance of the phenomenon of host capture concerning the evolution of these two genera is confirmed. 
genus are often dominant within small mammal communities, except in primary forests where they are restricted to human settlements. They undergo sporadic population explosions, transforming them into major agricultural pests (Leirs, 1994) . Whilst rodents of the genus Mastomys are known to carry a number of important bacterial and viral diseases that are transmittable to humans (Gratz, 1997) , their helminth communities are still poorly studied throughout most regions of their distribution. Recent studies have however been conducted on the helminth community structure of three species of Mastomys in South-eastern Senegal. , Brouat & Duplantier, 2007 . In Senegal, the ecology of Mastomys species is well INTRODUCTION T he genus Mastomys belonging to the Praomys, group of murine rodents, is widely distributed throughout sub Saharan Africa. Species of the known due to the considerable work conducted since the eighties on their population dynamics and their ecological requirements (Hubert, 1982; Granjon & Duplantier, 1989; Duplantier et al., 1996) . Mastomys natalensis (Smith, 1834) , M. erythroleucus (Temminck, 1853) and M. huberti (Wroughton, 1909) are morphologically closely related sibling species (Lecompte et al., 2002) but chromosomally well differentiated . All three species occur in sympatry in south-eastern Senegal although living in markedly different habitats : M. natalensis is exclusively commensal in Senegal living inside villages; M. erythroleucus occurs mainly in fields and savannas, sometimes inside villages; M. huberti populations are rare and strictly localised around pools. In initial studies conducted on parasite community structure of Mastomys spp. in south-eastern Senegal Brouat & Duplantier, 2007) , helminths were morphologically identified at the genus level. Helminth communities of the three Mastomys species consisted largely of the same taxa. 20 taxa were found with a majority of nematodes (11), then cestodes (8) . Component helminth communities (two to ten taxa per sample site) were strongly dominated by nematodes with direct life cycles in each of the three host species, belonging to the genera Neoheligmonella, Trichuris or Syphacia . Two of the taxa found in each of the three Mastomys species of south-eastern Senegal were Trichostrongylina nematodes. It is the sole group for which systematic studies and species identification have been conducted in species of Mastomys. The two genera found in southeastern Senegal have already been reported as the sole members of the Trichostrongylina in species of Mastomys. They belong to the Ethiopian branch of the Nippostrongylinae (Heligmonellidae) and are parasites of Muridae. They concern Neoheligmonella Durette- Desset, 1970 and Heligmonina Baylis, 1928 . In species of Mastomys, to date, four species of Neoheligmonella have been described, three of them in Mastomys erythroleucus: N. affinis (Baylis, 1928) , N. mastomysi Diouf, Bâ & Durette-Desset, 1998 , N. skirringi Diouf et al., 1998 and one of them in Mastomys natalensis: N. lamaensis Diouf, Daouda & Durette-Desset, 2005 . All of these species originate from Western Africa (the Republics of Benin, Senegal, Congo and Central African Republic). In the genus Heligmonina, one species, H. bignonensis (Diouf, Ba & Durette-Desset, 1997) has been described in M. erythroleucus from Senegal and three species in Mastomys natalensis: H. chabaudi (Desset, 1964) , H. kotoensis Diouf, Daouda & Durette-Desset, 2005 , both from Western Africa (Senegal, Congo) and H. wakelini Durette-Desset, Digiani, Mahlaba & Behnke, 2007 from the Republic of South Africa. In the present paper, two new species are thus described from Mastomys spp, one belonging to the genus Neoheligmonella and one belonging to the genus Heligmonina. Both were found in the three species of Mastomys living in sympatry in south-eastern Senegal, M. natalensis, M. erytroleucus and M. huberti. In several hosts, the two species are co-parasitic. Given the mass of specimens of the genus Neoheligmonella in the three hosts, living in sympatry, it seemed interesting to us to find out whether there was any infra-specific variations related to the host species. It is the first report of the genera Neoheligmonella and Heligmonina in M. huberti.
MATERIAL AND METHODS

S
ampling was done in January 2004 in an area of about 1,300 km 2 around the town of Kedougou (12°33' N, 12°10' W) south-eastern Senegal, inside the Soudan-Guinean biogeographic area. A total of 502 Mastomys spp. were examined for gastro-intestinal parasites. To determine the distribution of the parasites in the small intestine, it was divided into three equivalent parts, numbered SI 1 to SI 3 from the duodenum to the caecum. The worms were fixed in boiling 70 % ethanol and stored in it until required for identification. The nomenclature used above the family group follows Durette- Desset & Chabaud (1993) . The nomenclature of the synlophe follows Durette- Desset (1985) and Durette-Desset & Digiani (2005) and that of the caudal bursa follows Durette- Desset & Chabaud (1981) . The methods used in studying the synlophe follows DuretteDesset (1985) . In order to study morphological and morphometrical variation in Neoheligmonella granjoni from the three host species, 10 males and 10 females were measured from one individual of each host species ( (Fig. 1) . Uterus length less than 20 % of body length. Head: cephalic vesicle present. In apical view, triangular oral opening with rounded corners, surrounded by two lateral amphids, four sub-median externallabial papillae and four sub-median cephalic papillae (Fig. 2) . Synlophe (studied in one male and one female paratypes, two males, two females from voucher material). In both sexes, body bearing longitudinal, uninterrupted ridges, all appearing just posterior to cephalic vesicle (Figs 7, 14) and disappearing about 100 anterior to caudal bursa in male and anterior to vulva in female. Carene present made up of two ridges with ventral ridge most developed. Number of ridges in M. natalensis: in both sexes 15 (carene, five dorsal, eight ventral) posterior to cephalic vesicle (Fig. 7) , at level of oesophago-intestinal junction (Fig. 4) (Figs 18, 19) and up to disappearance of ridges, anterior to caudal bursa in male and anterior to vulva in female (Fig. 15) . Number of ridges in M. erythroleucus and M. huberti: 15 (carene, five dorsal, eight ventral) posterior to vesicle cephalic in both hosts (Figs 7, 14) , 14 (carene, five dorsal, seven ventral) at oesophagealintestinal junction in M. erythroleucus (Fig. 8) , 15 in M. huberti (Fig. 15) ; 15 cuticular ridges at mid-body in both hosts . In posterior quarter of body, ridge n°8' disappears at various levels (Figs 9, 12, 16) and the number of cuticular ridges (14) remains the same up to the caudal bursa and to the vulva. Gradient of size at mid-body present only on dorsal side, decreasing from right to left . On ventral side, ridges of left ventral quadrant more developed than those of right ventral quadrant . In male, ridges of equivalent size within posterior part of body (Figs 3, 12, 13) . Double axis of orientation directed from ventral right to dorsal left quadrant. At midbody, in paratypes, right axis inclined at about 30°to sagittal axis in male, 45°in female; left axis inclined at about 70°in male, 80°in female. For inclination of the axes of orientation in voucher specimens, see Table III . In posterior part of male and in vulvar region, ridges orientated perpendicularly to body surface (Figs 3, 12, 13) .
Figs 7-13. -Neoheligmonella granjoni n. sp. from Mastomys erythroleucus. Transverse sections of body. 7-10 -female, 2.75 mm long. 7 -30 µm posterior to cephalic vesicle, 8 -at level of the oesophageal intestinal junction, 9 -550 µm anterior to vulvar opening, 10 -350 µm anterior to vulvar opening. 11-13 -male, 1.85 long, 11 -550 µm anterior to caudal bursa, 12 -400 µm anterior to caudal bursa, 13 -120 µm anterior to caudal bursa. Abbreviations: v: ventral side ; r: right side. All sections are orientated as 7. v r . Holotype male: 3.85 mm long and 100 wide at midbody, carene included. Cephalic vesicle 80 long and 40 wide. Nerve-ring, excretory pore and deirids situated at 115, 310 and 410 from apex, respectively. Oesophagus 490 long with muscular part 200 and glandular part 290. Caudal bursa sub-symmetrical with pattern of type 2-3 due to presence of small common trunk of rays 2 to 6 with tendency to type 2-2-1 (Fig. 5) . Prebursal papillae not observed. Rays 2 and 3 V-shaped or joined at various degrees with extremities always divergent. Extremities of rays 4 slightly curved forwards. Rays 4 and 5 divergent at extremity. Rays 8 arising symmetrically at base of dorsal ray. Dorsal ray divided at mid-length into two branches, each branch giving rise to two small branches rays 9 (external branches) slightly longer than rays 10 (internal branches) (Fig. 5) . Thin alate sub-equal spicules 440 long ending in sharp tip (Fig. 5 ). Spicules taking up 11.5 % of body length. Gubernaculum, 60 long and 20 wide at base in ventral view. Genital cone with elongated papilla 0 on ventral lip and two rounded papillae 7 on dorsal lip (Fig. 5) . Measurements (average and range) of ten paratype males: 3.4 (3.0-3.9) long and 100 (100-100) wide at mid-body, carene included. Cephalic vesicle, 71 (65-80) long and 37.5 (30-40) wide. Nerve ring, excretory pore and deirids situated at 140 (110-180), 263 (200-310), 405 (360-500) from apex, respectively. Oesophagus, 445 (400-520) long. Spicules, 426 (400-440) long. Spicules length/body length: 12.5 (11-14.7) %. Measurements of males from voucher material: see Table I . Table II .
. Morphological variations observed in the three host species Synlophe (Figs 18-23 ). The synlophe in the three hosts was compared at mid-body since in the anterior and posterior parts of the body, mainly in the female, infraspecific variations are frequently observed within the same host. At mid-body, there is no variation concerning the number of the cuticular ridges nor the relative size of the ridges and the position of the axes of orientation. In every case, the axes pass through ridge n°7' and n°8' for the right side and ridge n°1 and Tables III). Caudal bursa (Figs 24-29) . In all three hosts, the caudal bursa pattern is of type 2-3 with a tendency to type 2-2-1. This means that rays 2 and 3 on the one hand and 4 to 6 on the other hand have a common trunk (type 2-3), but rays 6 separating first from this common trunk and rays 4 and 5 diverging only at their extremities, the caudal bursa pattern tends to type 2-2-1. The observed variations concern only the length of the common trunk of rays 4 to 6 and are present in the specimens from the three hosts. The length of the common trunk 4-6 varies in specimens from the three hosts and concern indistinctly both lateral lobes (Figs 24, 26, 27) .
The shortening of the common trunk can be reduced to the width of ray 6 (Figs 25-29), then rays 3 and rays 6 diverging at the same level from the common trunk of rays 2-6, the pattern of type 2-2-1 is observed. This is the single case found in a specimen parasite of M. erythroleucus (Fig. 28) .
. Morphometrical variations observed in the three host species (Tables I-II-III) The parasites of M. erythroleucus are the smallest. The position of the excretory pore is variable within each host. The position of the deirids is very posterior in the parasites of M. natalensis. huberti. In the three hosts the pattern is of type 2-3 with a tendency to type 2-2-1 i.e rays 2 and 3 are apposed and rays 4 to 6 have a common trunk (type 2-3) with a pattern tending towards type 2-2-1 since rays 6 separate first from this common trunk and rays 4 and 5 diverge distally at their extremity. The observed variations concern only the length of the common trunk of rays 4 to 6. This length varies according to the lobe and /or the specimen. In Fig. 25 , the common trunk is of equivalent size in both lobes, in Fig. 24 , it is slightly longer in the right lobe, in Fig. 26 , in the left lobe. In the right lobes of Figs 25 and 29, it is reduced to the length of the base of ray 6. In Fig. 28 , the common trunk disappears since rays 6 diverge from common trunk of rays 2 to 6 at the same level as rays 3. In this case, the pattern of type 2-2-1 is observed. Dotted lines indicate the length of the common trunk. Abbreviations: 2: ray 2 ; 3: ray 3; 4: ray 4; 5: ray 5; 6: ray 6. dae, Nippostrongylinae). The genus is mainly characterised by the caudal bursa of type 2-3 tending towards type 2-2-1 or type 2-2-1 and by the synlophe with cuticular ridges of the left ventral quadrant being more developed than those of the right ventral quadrant. All the species are parasites of murine rodents, one from the Philippines and 20 from Africa, except for one species found in an arvicoline rodent from Thailand. Within this genus, the pattern of the caudal bursa is relatively homogeneous and the differentiation of the species is mainly supported by the features of the synlophe. The specimens described above belong to a group of species possessing the following features: large carene, ridge 6' (opposite the right lateral field) more developed than other right ridges; gradient of size decreasing from right to left on dorsal side; left ridges more developed than right ones on ventral side. They concern N. bai Diouf & Durette-Desset, 2002 , N. dielmensis Diouf et al., 1998, both from Senegal and N. houini (Durette-Desset, 1970) , from Ethiopia, all three species being parasites of Arvicanthis niloticus Geoffroy, 1903 , N. capensis (Ortlepp, 1939 ) a parasite of Rhabdomys pumilio Sparrman, 1784 from South Africa, N. heimi (Desset, 1964) Desset, 1984 , a parasite of Phleomys cumingi Waterhouse, 1839 from the Philippines. The specimens described above are differentiated from all these species by 15 cuticular ridges at mid-body versus 13. In N. bai, N. dielmensis and N. mastomysi the caudal bursal pattern is of type 2-3 with a tendency to type 2-2-1 as in our specimens. The three species mentioned above differ by a small carene and an inferior ratio spi- cules length/body length (5.9 %, 7.1 %, 5.3 %, respectively versus 10 to 15 %). Four of the five species whose synlophe is poorly described or unknown are differentiated from the Senegalese specimens by the ratio spicules length/body length. In N. kenyae (Yeh, 1958) , a parasite of Rattus spp. from Kenya, this ratio is 7.5 %. In three species described by Baylis (1928) from Nigeria the ratio is 7.1 % in N. impudica (Baylis, 1928) , a parasite of Gerbilliscus kempi (Wroughton, 1906) (= Taterona kempi) and other Murinae, 8.5 % in N. gracilis (Baylis, 1928) , a parasite of Mus musculoides Temminck, 1853 (= Mus (Leggada) musculoides) and about 30 % in N. moennigi (Baylis, 1928) , a parasite of Praomys tullbergi (Thomas, 1894) . The fifth species, N. affinis (Baylis, 1928) , a parasite of Mastomys erythroleucus from Nigeria is closely related to the studied specimens not only by the ratio spicule length/body length (13.3 %) but also by the main measurements. Unfortunately there are no illustrations nor a description of the synlophe and it is not possible to compare the two species accurately and consequently to identify the Senegalese specimens with N. affinis. We consider the specimens of Mastomys natalensis as belonging to a new species that we have named Neoheligmonella granjoni n. sp.
DIAGNOSIS
COMMENTS
The majority of the morphological variation observed in the three host species is considered as infra-specific since these variations are present within the specimens of the type material (Figs 18-23 for the synlophe, 24-29 for the caudal bursa, Tables I-II-III) . The specimen parasites of M. erythroleucus are the smallest. A possible explanation is that the infestation of M. erythroleucus is more recent since the worms continue to grow through out the whole of their life. The position of the excretory pore varies within each host but relative position in respect of the oesophagus length, overlaps in the three host species (Table III) . The position of the deirids in respect to the head is very posterior in the specimens of M. natalensis but there is a great variability concerning the relative position of the position of the deirids with respect to the oesophagus length between the males and the females in each host. Prevalence and intensity of infection: in M. natalensis, five out of 220 (2.3 %) were infected with one to 17 worms (mean = 6); in M. erythroleucus, one of 263 (0.4 %) infected with one worm; in M. huberti two of 18 (11.1 %) infected with five to 127 worms (mean = 66).
DESCRIPTION
Small nematodes with body sinistrally coiled along ventral side. Excretory pore situated within median third of oesophagus length, deirids more distally within posterior quarter (Fig. 30) . Oesophagus 11 % on average in male and 8.5 % in female. Short uterus taking up 15 to 17 % of body length. Head: cephalic vesicle present. In apical view, triangular oral opening surrounded by two amphids, four median external labial papillae and four median cephalic papillae (Fig. 31) . Synlophe (studied in two males and one female paratype): in both sexes, body bearing uninterrupted cuticular ridges except on right ventral side free of ridges.
In both sexes, all ridges arising posterior to cephalic vesicle. In male ridge 6' disappearing anterior to midbody, other ridges at 70 anterior to caudal bursa. In female, ventral ridges disappearing anterior to vulvar opening, dorsal ridges posterior to it. Presence of left hypertrophied ridge (left ala) curved towards ventral side in male, straight in female. In male, size of ala increasing progressively from cephalic vesicle to mid-body reaching 105 at this level (Fig. 33 ) then decreasing down abruptly to 50 (Fig. 38 ) before disappearing about 75 anterior to caudal bursa (Fig. 38) .
In female, size of left ala reaching 55 at mid-body ( Fig. 35) and decreasing progressively down to 20 anterior to vulva. Number of ridges: in both sexes 12 (ala, six dorsal, five ventral) in anterior part of body (Fig. 32) The two species are differentiated by the width of the left ala which is smaller than the diameter of the body in H. kotoensis and greater in the specimens described above. In addition, in H. kotoensis the ratio of the spicule length on the body length is 16.8 % on average and the distance anus-vulva is similar to that of the length of the tail. In the Senegalese specimens this ratio is 11.6 % on average and the distance anus-vulva is about three times longer than that of the length of the tail. We consider the specimens parasitic in Mastomys natalensis as belonging to a new species that we have named Heligmonina kanei n sp. Desset et al. (2007) that in the speciation within this genus, the geographical location of the parasite may be of greater significance than the host spectrum. However, it is interesting to note that in the same geographical region (Western Africa) the species parasitic in Mastomys spp. are more closely related to each other than the species parasitic in other Muridae. The species of the genus have evolved with an increasingly asymmetry of the left lobe of the caudal bursa and an increasingly more pronounced inclination of the axis of orientation to the sagittal axis. In H. chabaudi, the common trunk of left rays 2-6 is short and the caudal bursa is of type 1-3-1 with a tendency to type 1-4. 
COMMENTS
